Objectives: The objective of this study was to investigate whether typical acupuncture methods such as needle placement, needle stimulation, and treatment frequency were important factors in fibromyalgia symptom improvement.
INTRODUCTION
A cupuncture has been used as a therapeutic intervention for more than 2500 years in China, and remains an important facet of many modern Asian medical systems. 1 The use of acupuncture as a complementary and alternative form of medicine in Western countries has increased rapidly over the last three decades. 2, 3 The U.S. Food and Drug Admin-istration (FDA) estimates that Americans spend half a billion dollars per year on acupuncture treatments, most commonly for conditions involving pain, 4 despite the lack of agreement within the scientific community on its efficacy and mechanism of action. Of note, the most appropriate control intervention to use is undecided 5 and it is not clear whether acupuncture efficacy is synergistically dependent on where the needles are placed and whether they are stimulated. 6 As a control some investigators use nontraditional sites, [7] [8] [9] whereas others insert needles in traditional acupuncture points but refrain from stimulating them. 10, 11 Fibromyalgia (FM), a condition characterized by chronic diffuse pain, is the second most common rheumatologic disorder, affecting 2%-4% of the populations of industrialized countries. 12, 13 To meet American College of Rheumatology criteria for this diagnosis, individuals must have a history of chronic pain in all four quadrants of the body plus the axial skeleton, and have 11 or more (of a possible 18) tender points. 14 Although FM is partly defined by tenderness at these specific anatomic sites, in fact this condition is characterized by generalized tenderness, or hyperalgesia. 15, 16 As no universally effective, well-tolerated treatment exists, patients with FM often seek acupuncture. 17 Yet, most studies on the efficacy of acupuncture in FM have been uncontrolled case series, 18, 19 and only a single high-quality controlled trial of 70 patients randomized to electro-acupuncture or sham electrical stimulation has provided evidence supporting acupuncture for this condition. 11, 20 Although seven of eight outcomes improved in the active treatment group compared to none in the sham group, the extent to which the sham group was blinded was not assessed.
To explore methodological acupuncture issues, a 2 ϫ 2 factorial was used design to address the following questions: (1) Is acupuncture beneficial for FM? (2) Is the placement of needles in traditional locations, and stimulation of the needles, required for symptom improvement? and (3) Is there a dependence on treatment frequency? It was hypothesized that if needle location and/or stimulation were essential, then an additive or synergistic effect should be detected with traditional or correct needle placement and stimulation. In addition, if acupuncture produces analgesia via a physiologic mechanism, a frequency-dependent improvement in symptoms might be observed.
METHODS

Recruitment
Participants were recruited from the Washington, DC, metropolitan area from August 2000 through January 2002 via announcements in local newspapers and periodicals and were screened on the telephone for study eligibility. Inclusion criteria were: (1) having met ACR criteria for the diagnosis of FM 14 for at least 1 year; (2) reported widespread pain on more than 50% of days; (3) willingness to limit the introduction of new medications or treatment modalities for FM symptoms. Exclusion criteria were: (1) sufficient knowledge of acupuncture techniques to prevent blinding (including previous acupuncture); (2) known bleeding diathesis; (3) autoimmune or inflammatory disease; (4) regular use of narcotic analgesics daily or a history of substance abuse; (5) contraindication to the use of acetaminophen or ibuprophen (rescue analgesics) ; (6) participation in other therapeutic trials; (7) pregnancy or lactation; or (8) receiving disability payments or were involved in litigation related to FM. Subjects were allowed to continue their normal treatment regime(s), including use of antidepressants); however they were asked not to make any additional changes and not to seek acupuncture outside of the trial.
All participants were randomized and allocated to one of four treatment arms using computer-generated random numbers in a four-block design. Treatment allocation was concealed in an opaque envelope and then presented to the acupuncturist 1 day before treatment. All procedures were approved by the local institutional review board; participants received full descriptions of the protocol and gave written informed consent.
Treatment
This study used a 2 ϫ 2 factorial design to examine the individual and synergistic effects of both needle location and needle stimulation on the efficacy of acupuncture analgesia. The four intervention arms were: (1) T/S (traditional site with stimulation): subjects received acupuncture, at points lying on Traditional Chinese Medicine acupuncture meridians, combined with manual stimulation of the needles; (2) T/0 (traditional site without stimulation): participants received the needles placed at the traditional locations but without any needle manipulation, (3) N/S (nontraditional site with stimulation): participants received the same number of needles placed at the same depths and with the same degree of manual stimulation as the T/S group, but these needles were placed in sites that were not believed to be effective in Traditional Chinese Medicine-based acupuncture; and (4) N/0 (nontraditional site with no stimulation): subjects received needles in nontraditional sites without stimulation. Subjects were told that they would be randomly assigned to one of these treatment groups and would receive either traditional acupuncture therapy or control acupuncture techniques not known to benefit FM. The T/S arm represented traditional Chinese acupuncture whereas the other three arms could be considered as different control groups.
The active point formula (Du 20, LI 11, LI 4, GB 34, bilateral St 36, Sp 6, Liv 3, and Ear-Shenmen) 1 was chosen based on the points' ability to relieve FM symptoms in Traditional Chinese Medicine. Needles placed in the nontraditional groups were not on acupuncture meridians or points (Fig. 1A) . The choice of point locations was determined by licensed acupuncturists (X.T. and T.X.T., who each have 12 years of experience in treating FM and 17 years of experience with this form of acupuncture).
Treatments followed a forced-titration paradigm: once weekly for 3 weeks, then twice weekly for 3 weeks, and finally 3 times weekly for 3 weeks for a total of 18 sessions. A 2-week wash-out period was inserted between each treatment dose (Fig. 1B) . Sterile, 2.54-cm, single-use, disposable, 38-gauge stainless steel needles were used (HBW Supply Inc., Hemet, CA). Stimulation was performed manually by lifting and thrusting while evenly rotating the needle (ϳ12 times at 180 degrees clockwise and counterclockwise). Characteristic de qi needling sensations 1 resulting from needle manipulation were elicited in the T/S group but not in the N/S group. There was no intention from the acupuncturist to elicit needle sensations in the N/S group. De qi was assessed by the acupuncturist's sensation of needle grasping and by the subject's report to a research assistant. Needles were retained for 20 minutes. More than 95% of the acupuncture sessions were performed by X.T., and the remaining sessions were performed by licensed acupuncturists trained for this study.
Blinding
To ensure and to verify adequate blinding throughout the study multiple measures were taken. Participants from different treatment arms were never present in the acupuncture clinic at the same time. Subjects were asked to refrain from seeking additional information on acupuncture and from discussing acupuncture with other participants, during the time in the study. All subjects were blindfolded during treatment and no verbal communication was allowed between the acupuncturist and the subjects. A nonblinded research assistant was present during all sessions to monitor and ensure treatment integrity. This study was single-blinded. The acupuncturist knew the treatment groups and study hypothesis; however all evaluators of study outcomes were blinded to treatment allocation. Blinding was assessed by questionnaire following the third acupuncture session. This questionnaire read: "What type of procedure do you think you are receiving, acupuncture, placebo (sham), or can't tell."
A priori outcomes
Pain (primary outcome). Subjects completed a 101-point numeric rating scale (NRS) which ranged from 0 to 100 points in 5-point increments. The scale was anchored at 0 by "no pain" and 100 by "worst pain imaginable." Clinically meaningful treatment responders were determined using the criteria suggested by Farrar et al. 21 : either a 20-point reduction or a 30% improvement in pain from baseline. On average 85.5% of responders met both criteria, while 9.8% met the 30% improvement criterion only and 4.6% met the 20-point reduction criterion only.
Fatigue. Participants completed the Multi-Dimensional Fatigue Inventory questionnaire 22 and clinically meaningful changes in fatigue were calculated using the Reliability of Change Index (RC). 23 A change of 3.67 in the General Fatigue score from baseline was used to classify fatigue responders. The General Fatigue scores range from 4 to 20 with larger scores indicating more fatigue.
Function. Physical function was assessed with the physical components score calculated from the Short Form-36 questionnaire. 24 This score ranges from 0 to 100 with higher scores indicating better function. Previous work has suggested that a change of seven points in the physical components score is clinically meaningful and therefore we used this value as a cutoff for function responders.
Analysis
A priori it was estimated that a sample size of 30 patients per group was needed to detect 30% differences between Analyses of variance were performed to determine differences in age, years of disease diagnosis, number of treatments attended, and baseline pain; 2 tables were constructed for responder status, male/female ratio, and dropouts. Paired t-tests were performed to determine significant changes in NRS pain scores between weeks 3 and 4, 8 and 9, and 13 and 15.
Primary analyses contained two strategies: (1) assessment of changes in mean scores and (2) assessment of changes in binary responder classification. These two approaches were taken to examine the robustness of findings. To examine the effects of location, stimulation, and treatment frequency (dose) on pain, a repeated-measures model was fit to the data by calculating the change in response from baseline to weeks 3, 8, and 13, including fixed effects for a combination of dose, location, and stimulus. Model 1 appeared as follows:
where ␣ ijk , i ϭ 1, 2, 3; j ϭ 1, 2 and k ϭ 1, 2 represents the effect for the i th dose level, j th stimulus, and k th location; x l is the baseline response for the l th patient. A general correlation structure was assumed across the dose levels to account for within-patient variability across time, as time and dose were confounded in the experiment.
To analyze data from the binary pain outcome (responders versus nonresponders), a similar repeated-measures model was used (model 2). This model used a binomial assumption for the distribution and a logit link leading to a generalized linear model (GLM), as follows:
where p ijk represents the probability of responding. The other terms have the same interpretation as model 1. Here, a response value of 1 indicates a 20-point or 30% change on the NRS pain scale of the current pain rating compared to baseline.
RESULTS
Baseline demographics and dropouts
Subject demographics are displayed in Table 1 . There were no significant group differences in duration of fibromyalgia (F ϭ 0.070; p ϭ 0.976) or age (F ϭ 2.186; p ϭ 0.094). Not unexpectedly, the majority of subjects were female (106/114); however the ratio of female to male subjects was not significantly different across groups ( 2 ϭ 5.019, p ϭ 0.136). No differences were detected in pain scores between groups (F ϭ 0.215; p ϭ 0.886). Figure 2 depicts the flow of participants through the study. Thirty-three percent (33%; 38/114) of subjects dropped out of the study before completion. The majority of dropouts occurred in the first 4 weeks (21/38; 55%); the primary reason for dropping out was the time commitment (11/38). There were no significant group differences in dropout rates ( 2 ϭ 3.039, p ϭ 0.386), and the total number of treatment sessions attended did not vary by group (F ϭ 0.122; p ϭ 0.947; Table 1 ).
Blinding assessment
To assess whether subjects could determine to which treatment arm they had been randomized, they were asked in week 4, if they thought they were receiving either (a) acupuncture or (b) placebo or (c) could not tell. A 2 analysis revealed no significant differences (Fisher's exact 2 ϭ 7.531, p ϭ 0.259), indicating that participants remained blinded to treatment assignment at week 4. 
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Needle location and stimulation
Mean pain, fatigue, and function scores are shown in Table 2 and responders are displayed in Table 3 . Based on analysis using model 1, no significant effects were obtained for either needle stimulation (weeks 3, 8, 13: t ϭ 1.03; p ϭ 0.307) or location (weeks 3, 8, 13: t ϭ 0.76; p ϭ 0.450). Similarly no significant effects were obtained from model 2 for the binary response pain variable for either needle stimulation (weeks 3, 8, 13: 2 ϭ 3.60; p ϭ 0.058) or location (weeks 3, 8, 13: 2 ϭ 0.20; p ϭ 0.657). Figure 3A shows a graphic representation of the percentage of pain responders by time. No group consistently had more improvement than another. Taken together these results suggested that there was no additional benefit derived from placing needles in the correct location, or stimulating the needles, at these time points.
Treatment frequency (cumulative dose)
As exploratory analyses we tested for effects of treatment frequency in data from all four groups combined. A fit of model 1 to the continuous NRS pain scores yielded a significant overall effect for treatment frequency between observed from either once to twice per week or from twice to three times per week (all p Ͼ 0.05). No dose effect was observed within any of the treatment groups when analyzed separately (all p Ͼ 0.05) possibly because of the smaller sample size per group compared to the entire cohort. Figure 3B depicts the overall frequency dependence for NRS pain responders from all four groups combined. A trend of an increasing number of responders was observed and a noticeable decrease in analgesia was detected during the washout periods. This decrease in analgesia was significant from week 3 to 4 (t ϭ Ϫ2.787; p ϭ 0.007) and from weeks 13 and 15 (t ϭ Ϫ2.396; p ϭ 0.019). Together these data suggest that increasing treatment frequency decreased pain and that the cessation of treatment increased pain.
Codependence of outcome domains
To determine whether responder status was independent within the pain, fatigue, and function domains, multiple 2 ϫ 2 2 tests of treatment responders were performed. Significant codependence in (1) served. These data suggest that responder status in all three outcome domains was highly interrelated.
DISCUSSION
Both randomized controlled trials, and longitudinal observation of individuals treated at tertiary care centers suggest that fibromyalgia is difficult to treat. 25, 26 As a result, no single intervention is completely accepted by the medical community, and no one intervention has significantly outperformed others. 27, 28 The present data provide evidence that a subset of individuals obtained improvements in clinical pain, fatigue, and function from acupuncture, although efficacy was not related to needle placement or stimulation. These results differed from Deluze et al., 11 which may in part be caused by their use of electro-acupuncture, which is inherently difficult to blind and is a different treatment modality from the manual stimulation used here.
Needle location and stimulation
When performing sham acupuncture, investigators sometimes place needles on nontraditional acupuncture points using a technique termed "minimal acupuncture." 6 However HARRIS ET AL. 668 needle insertion, irrespective of location, may elicit a response that is functionally identical to that in traditional points. [29] [30] [31] [32] [33] Indeed, sham needle sites have been shown to be more effective than inert controls, 34 which implies that minimal acupuncture may not be inert. This may have been the case for the nontraditional groups, and perhaps the use of a more inert control intervention 35, 36 would clarify this issue. Acupuncture advocates may suggest that FM is an inappropriate condition for the study of the specifics of needle placement. In Traditional Chinese Medicine, Ashi points are commonly used for the treatment of pain originating away from the major meridians, and needles are placed exactly where the pain is located, regardless of whether the pain lies on a meridian or does not correspond to a particular acupuncture point. 1 Because FM pain is diffuse and located throughout the body, our nontraditional locations may have actually functioned as Ashi points.
Nonetheless no difference in clinical pain was detected regardless of whether the needles were stimulated. This indicates that the needle manipulation used in this study is not an essential component to acupuncture therapy in FM, and it follows that needle sensations elicited by manual manipulation are not critical in this setting. However it should be noted that some forms of acupuncture use no manual stimulation. The form of acupuncture administered here was highly simplified for experimental purposes; in a real clinical setting, elements such as needle stimulation might enhance the effectiveness of this therapy.
Frequency dependence
A hallmark of effective pharmacologic interventions is the dose-response effect. In theory, interventions that effect changes in physiological substrates should result in dose dependency, in which a greater effect is elicited with an increase in the magnitude of the therapeutic intervention. In exploratory analyses, data were reported supporting this hypothesis for an overall effect of treatment frequency in FM. This effect was modest, as it was only observed when all four treatment groups were combined. With the absence of a no-treatment arm, one cannot exclude regression to the mean, natural history, or other time effects as possible mechanisms for the frequency dependence because time and dose were confounded in this study. However this seems unlikely for two reasons: first, an overall decay in analgesia was observed during the wash-out periods (Fig. 3B) , suggesting that treatment was related to pain relief; and second, the natural trend of pain fluctuation in fibromyalgia does not match the magnitudes observed here. 25 
Reduction of pain in fibromyalgia by a "placebo effect" of acupuncture
In light of the fact that no differences were observed for either stimulation or location of the needles within this study, one may be tempted to conclude that the effects of acupuncture occur largely because of a "placebo effect." Indeed the criteria used to designate responders from nonresponders lies well within the range of the placebo effect. 37 The placebo effect may have diluted any specific effects of acupuncture observed in this trial; however further studies will be required to confirm or refute these findings.
CONCLUSIONS
In this controlled trial, a subset of FM subjects received symptom improvement with acupuncture needle insertion, but no specific effects of needle placement or stimulation were noted. Alternative designs containing more "inert" comparison groups or trials with fewer dropout rates may be more helpful in assessing which specific factors are necessary to engender these effects. More specialized treatment regimens tailored to individual FM participants may also yield more positive findings. A B
